Abstract-The increase in integration density and the requirement of low power supplies to reduce energy consumption can make circuits more and more sensitive to hardware errors. The loss of robustness increases with process/voltage and temperature (PVT) variations. This demo presents a platform used first to implement a noiseless GPS receiver algorithm. Redundant mechanisms can be added, then, to the design to make the GPS receiver more resilient against upset errors due low supply voltage. The platform can be used, so, to evaluate the performance and the complexity of the proposed mechanisms.
I. INTRODUCTION
Global Positioning System (GPS) receivers are heavily used in mobile contexts, and there is motivation to minimize power consumption and maximize battery life in these devices. Power consumption and device lifetime can be improved by operating at minimal supply voltage, which increases the likelihood of hardware errors. The loss of robustness increases with the advancement of CMOS technology in combination with process/voltage/temperature (PVT) variations [1] .
The RELIASIC (Reliable ASIC) project, [2] , investigates the fault tolerance in the GPS context starting from a standard GPS application and adding some redundant mechanisms to allow the GPS receiver to be tolerant to hardware errors due to low voltage supply. An Application-specific integrated circuit (ASIC) will be designed with two versions of the GPS receiver: the standard version, and a complex version where fault tolerant techniques are added to make the GPS receiver more tolerant to hardware errors. This demo presents a platform used first to implement the standard GPS receiver algorithm, and, then to evaluate the performance and the hardware complexity of a proposed technique for error tolerance.
II. GPS OVERVIEW
A GPS is a well known-technology that allows determining both the physical position and the absolute time of a receiver. To do so, there are two essential and sequential processes: the acquisition and the tracking process [3] . The acquisition process is the process by which the receiver identifies which satellites are in view. It is a three-dimensional search to determine the GPS satellite identifier, the code phase, and the carrier frequency offset due to Doppler Effect. Since satellites are in continuous motion, the distance between any satellite and the receiver is dynamic. Besides to that, the carrier frequency of the received signal is also constantly changing in time due to Doppler shifts. Therefore, once acquired, GPS 
III. PLATFORM DESCRIPTION
The implemented platform in the case of a standard GPS receiver can be split into three main parts: the user interface, the signal source file and the FPGA target.
• User interface: This represents the space from where the FPGA is controlled. The interface is written by MATLAB software. Functionality given by the user interface are: Program the FPGA with new codes, launch simulations, plot results, display position of a GPS receiver over time using Google Earth software... • Signal source file: Signal received from more than 4 GPS satellites, over a significant period of time, are stored in a file. This file is added then in the memory of an FPGA to replace a real-time receiving process of a GPS receiver.
• FPGA target: this part will contain the hardware description of the acquisition and the tracking algorithms for a GPS receiver. It contains also a micro-blaze that manages the communication between the user interface and the hardware description of the GPS receiver. The platform was tested in the Virtex-6 FPGA ML 605 device as presented in fig. 1 . The GPS receiver algorithm was also designed with the MATLAB high level software in order to compare results from FPGA with MATLAB results in terms of position given by the GPS receiver.
IV. FAULT TOLERANCE EVALUATION USING THE

PLATFORM
The platform described above is used to evaluate techniques proposed for fault tolerance in the GPS context. The stored Fig. 2 . Diagram of the test setup source file is processed by a noiseless GPS receiver implemented inside the FPGA to generate the set of successive estimated positions X(t) t=1...T . Then the noiseless GPS receiver is replace with a noisy GPS receiver and another simulation is launched using the same source file to generate sets of noisy positionX N (p, j), j = 1..Q. The model of noise used in this case is very simple. For each active tracking module, every output of the faulty component is assumed to be exact with a probability (1 − p) or to be faulty with a probability p. In case of faulty result, a random number of bits at the output of the faulty module are flipped.
As an example, it has been shown in [4] that the impact of errors that appear when computing the estimation of the Doppler offsets in a GPS application can be greatly reduced by tuning appropriately the carrier filter bandwidth. To illustrate the noise effect on the GPS receiver output, positions given by the noiseless and the faulty receivers are compared in fig. 3 . In this figure, the noiseless position X(t) is shown with color orange. We represent, then with the red color, the faulty position of the noisy GPS receiver when the fault tolerant technique was not used. Finally, the position given by the faulty GPS receiver, after adding the fault tolerant mechanism to the design, is appeared with the blue color.
V. CONCLUSION
In this demo we present an implementation of the standard GPS receiver in the Virtex-6 FPGA ML 605 device. This system evolves also a user interface in MATLAB and a microblaze to manage the communication between the FPGA target and the user interface. This platform is used then to evaluate the performance of a fault tolerant technique that has been proposed to make the carrier discriminator in the GPS receiver more tolerant to hardware errors.
FUTURE WORKS
Additional works are progressing to replace the signal source file with a real-time receiving process of a GPS receiver Fig. 3 . Position given by a noiseless GPS receiver X(t) (color orange), by a faulty GPS receiver without adding the fault tolerant technique (color red), by a faulty GPS receiver when using the fault tolerant technique (color blue), displayed using Google earth in order to have a complete GPS receiver (Radio Frequency and digital processes). Although, fault tolerant techniques that have been proposed in [5] , [6] and [7] to protect, respectively, the Gold code generator, the the Numerically Controlled Oscillator and the correlation will be implemented in the noisy receiver to evaluate the robustness of the complete GPS receiver against transient errors. An ASIC will replace the FPGA target once the study of the trade-off between the complexity and the performance of the GPS receiver is achieved.
